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A. .PREPARE SILICON SINGLE CRYSTAL INGOT AT GIVEN PULL-UP RATE 

B. .. PREPARE MEASURING SAMPLE CONTAINING REGION [V], REGION pv] 
REGKDN [PiJ AND REGION [i] FROM THE INGOT 

C. ..DMDE THE MEASURING SAMPLE WHILE REALIZING CENTRAL AXJS 
SYMMETRY 
D ...FIRST SAMPLE 
E... SECOND SAMPLE 

(C1)... STAINING WITH FIRST TRANSITION METAL (Cu OR Fe) 
(d1)...STAINING WITH SECOND TRANSITION METAL (Nl OR Co) 
(e1)...HEAT TREATMENT FOR TRANSITION METAL DIFFUSION (600-1150 e C * 
0.5-30 HR) 

(fD... MEASURE RECOMBINATION UFE TIME 

(g1 /...SUPERIMPOSE THE VERTICAL MEASUREMENT OF THE FIRST SAMPLE ON 
THE VERTICAL MEASUREMENT OF THE SECOND SAMPLE 

(h1)...IDENTIFY THE BOUNDARY BETWEEN REGION [V] AND REGION [Pvl AND 
THE BOUNDARY BETWEEN REGION [Pi] AND REGION [I] 



(57) Abstract: First, a single crystal ingot is sliced in the 
axial direction so as to contain the central axis of the ingot, 
thereby obtaining a measuring sample containing region 
[V], region [Pv], region [Pi] and region [I]. This sample is 
halved so as to realize symmetry across the central axis, 
thereby obtaining the first sample and the second sample. 
Metal staining with a first transition metal is performed 
on the surface of the first sample, and metal staining with 
a second transition metal which is different from the first 
transition metal is performed on the surface of the second 
sample. The metal stained first and second samples are 
subjected to heat treatment so as to diffuse the first and 
(dl) second transition metals into the sample interiors. The re- 
spective recombination life times over the entireties of first 
and second samples are measured, and the vertical mea- 
surement of the first sample is superimposed on the ver- 
tical measurement of the second sample. On the basis of 
superimposition results, the boundary between region [Pi] 
and region [I] and the boundary between region [V] and 
region [Pv] are individually defined. 
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2#fflLTJS 1 ZLlfm 2V^Zf z> 0 % 

jwmmz&mftsa-t&o *JS^^$Hfcmi& 
m 2v^zf)\,&f&9iim its i &vm 2 

2-*>zT)i,<D$Qm.y5ft<D%ii£mizmto'£t>i£z 0 
ste^-ttfcjes*^, «* [Pi 
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m m m 

M 15 %k M f S © 7f 3 o 

^SB^A&ra-r&aMilfcjJSBbfc^— ^-f (Crystal Originated P 
article^ WTs COP^;V^5o ) (Oxidation Indue 

ed Stacking Fault, JglTs O I SFh^Oo ) SK3R«f iB%©eR/J\ 

&R6-*\ Sfe^fct&ASMEffi (Interstitial-type Large Dislocations WTs 

sMTsc-i»5tv ^i— jM&mizmmTzi&mimwovy 

—T^ffr (Light Point Defects LPD) £LTf&tB£*i3o COPlii 
^6<3^14s ^Jx«^-fbM©^Bt$fe«^^tt (Time Dependent dielectric 
Breakdowns TDDB) N ^bMlTffi^tt (Time Zero Dielectric Breakdow 
ns TZDB)^{b^tOTi:^5. tfcCOP^>>x-AgSt#S 

hxm^frMffifrizjs^xb u— ^^©MahJ&t)s Mp°p©^g d £{g < -r 
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<5 o 

i-Aipf,COP, O I S F&?>*L/D£M'i>£^3£^# i frg£&oT^ 

>=f s> h/^S,^V^^^*lfei/IJr3>r| 7 a:— m^tKB4#H^#-^6 , 0 4 5 
, 6 1 O-^izMfo-rZftM^- 1 1 - 1 3 9 3 J %&mteM7F£tiX^& 0 

>/vzi>m&frm(DmMfo&^n?n&mgftte\,v*-7^p bmm* cp 

CP] -f M^7?^?LS^Rg^«»-efcoT7@fia«l39; 

^jL^^bfc^Ri^^-rs^ [v] fe^f®*' v ^ >M&x.v&&mm 

£fc^H2 0 0 1 - 1 0 2 3 8 5-5f&$gt& s ^PfS#^fcbfcMf&£^ 
b&Wl-? 3,? bmm CP] #£?LM^Pfe##|fcT-&3^ CPv] ts 
fe^mi/ U 3>S^RS*««»T*S«« [Pi] 

ft3o CPv] [V] fcBMgU froO I SFa£^b#3§<£ 

©^?L^^RI^^0^JL^^Ria^^^frS^T-fe^o €t«$ CP 
i] l±mm [I] fcWMBU 3EPO«AM«ltt^fi»b»*«fi©*^PIHIS"j3 
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n—y *.>7 [P] 1*t>ta%4 >=fy bits <i b<D3\±tfmm. 

£V (mm/#) i:U U u >WMLt U =J W >3 y h ©@?&#STO£j# 
tc&fr^ h§Sil#[qI©SS£JlB£G (°C/mm) fctSfcts ^ 

ttl^ bfe^C 'J >^CMt^ O I S F (P;\*>K) #£:c— 
8BT?i8«U ^oL/D (B/N*>h*) £S§£b&l^:$©V/G (mm 2 /# 
• °C) ©«5Hf*l^f^e>n3o 

^R&©^>U3>«>3i— /\$SJi-r^fe«)K:«: N fflPfrffiStf^lRj©^ 

©#?£#£& ktvri^fco ^TW^I^St5^lRl©^^Pi^^Wiffilctt^ 

* ^-^y^V^bfcgL 0 0°C 

T-4WIIU Mfc^T 1 0 0 0°CT- 1 6^Flttlt§o £©*Wt& 
31 b/ctJ" > ^l/^r^^zi \y — 1/ a > (copperdecoration) N -te zi :n y 5^ > £f 
(secco-etching) s (X-Ray Topography) 7}$^ 7^7^ 

-YA (lifetime) »^©;&8sfc:£ & «J£-TS 0 HI 2 3 &t>*m 2 4 izmTX 
■5 UBi^ICi t>K3S*rffl$l* J >r >n> h^ttHJIt^fe^ £©^ 

[Pv] s ^ [Pi] svfs« [I] *£*ri*>:7Vi/fc»jRWffiaMt&3 
bfc»-&©ssg'&7'r ^^-r Aoirt^^^tHt* s 2 4{±m 2 3 

r;i/rt©»*«A N Kiswm^s^fc^ b < s c t e> tit ^ 
s Q 0y*«s >=fy bfttmm-fzmmmmm&mmx'&zm&s mmm 

TS1f>r;i/i:J:b^bTfS^jgT-feSc:i:^6>, flig^'f 7^^a®IS 
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mm [Pv] 2fctf»* [Pi] t:i3V>T@iS-rSKm»«lc«c#LTK5R#fm 
Mj^WiHa^iiJEfeOPi*©^**^ U7i£«c«©«!J^©ll^ffiA»/jN$ < 
^ M^#BJ5t£&£&^o i0«fc5l:ffi8«igs S«*«ftt:*V^T^ 

cpv] [Pi] £(DMftmw,*wmfcT%zt&-(z%te\,^m& 

[Pv] XttflUft [Pi] ©^f*i*o««fllfcS/7 hf 

fee 

=fy M*KZ>^*$ [Pv] MVmm [Pi] MVtiti&O^SflS^JfitJEfcTf* 

m&mite&zftwiZs miizTfsTXoiz, (ai) ->^^>mm^^\±if 

h*'fr«l£^*f<fc"5fc:3J»rbTx ^ [V] N fl^ [Pv] s [Pi 

] j&vmm [i] %$ttsj^fflt?->r;i/*f^»rsxsi: N (m> mfemv> 

yjiZJ > if y h LTttmtte % «fc a 2 bti 1 &t>*lg 2 

^>7 , ;i/^St5Iii:v (cl) 0 0 OppmClt 

-TZT-mt., (dl) ^1 2 OOOppm 

JS^tSiitx (el) ^Jl^$tLfe^lS^21^>r;i/$T;V3> N 

mm, mm, ?km, x&ztib&m&xx&mmrF. 6 o o°c~i 1 5 o°c 
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, (fi) mmm$ntzmiRum2y->7)v±fciz&tt&m^?'( a 

^^ti^n^-r^xs^:, (gl) ±I3(fl)x@cDffi l-^>r;i/©Sfiit^[Rj© 
SiJ^{i^^2i7->r;i/©§Sit^|nj©SiJ^^lt^t>^§x^i: s (hi) ±13 
(gl)x@o««^^^e, N [Pi] [I] ©j»|SLSV«« [V] 

[Pv] <Dm&%?n?nmfe?%jim£*^t!i' v >=fy 

{fibs ^ [V] fi^JLM^RgAs^T-feoTTifJ^^L^MMbfc^ 
PH^T^^ ^ [Pv] {i^L^^^PH^S^T'feoT^a^Mftbfc 
*Pf&£Wb&l^^s [Pi] (ife^P^^Un>M^^Pll^#^T»$)oT 

m^m^v^>&mmLfcKm*mhte^m^Rnmm [i] fcM&^f?a^D 

gf^ig 1 l3^§^B^T-(i. ^MST-^ti [V] [Pv] <DM^*M 

^ts^lIi^loi^^y^^AMiis iS^ISJg-e^ii [Pi] i: 
[I] ©^#^M^-r^^2M^#JS©^-^^^7^^ A^^^ 

ftJ^-efr-^B^lc^g [Pv] [Pi] Mt>*^cine>©^^^ 

SiJg£^;LT5l±t:f 5>*if— > 'J n>#|§^^ >rfy h^$A^|pIt#^^-f > 
rfy h4>'h$ll]£^i?£?£WbTs fS^ [V] s ^ [Pv] s «tt [Pi 

] [i] *^tsm%.m-y->7fr*ftWkTZ3:m£, (m m%.mv> 

b4 , 'fr$ifc^bTM*k£:&&<fc-5l3 2#§dbTfg lMi2 
i7->r;i/^ftM-r^x@^, (c2) 0 0 0ppm©aJS 

t^ISh, (d2) i 1 I^^I tl^ §i 2 I^^Itf 1 ~ 1 0 0 0 ppm 
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mfsmrziimts (e2) ^mmm^titcmiRum2v>yji^Tjvzj>, 
mm, mm, ?m, xi±ztit><Dm&JS7,mmm>T, 6 o o°c~i 1 5 o°c 

m u itm 1 %.wm 2 m&&m * v- > yjv 1*1 t^gc £ % iMiin t 

, (f2) ^S^tifc^l^^2-y->r;i/^#:tci?^§^^^^7^>f A 
• £^*i^tl«£-r3X*i^ ( g 2) ±H3(f2)xa©^lt?->r;i/CDi&iS^|p](D 

mztifcm 1 vyyjvit t 1 d^{cj; t)^ 1 M^#JS©i&ii^[R]©?ijg^5t< 

toZHLmt, (j2) Ml^tifef2f>7";^DLTSStJ;!3^2IIi 
«©iSifi^|q]©mS^^fe^xai:s (k2) ±IB(f2)xg©^ll7->r;vt^ 
^?»iSifi^[n]©«iJ^^^±l3(i2)xa©?iiJ^m^e>s ilSMIIS 
£1?^^ AOlSMiS^^^-rax^h, (12) ±BB(f2)x@cD^ 
2it>r;i/fci3^^f&iS^^©«iJ^^h±f3(j2)x^©^^^e» N ^ 
2M#&JSiiJg^?N£i§r^ 7*4 &(Dmmmi&*ftJ&T&T.m£s (m2) ± 
IB(g2)x^cD?giJ^^ s ±I3(k2)x@©1SI8iS^t>*±i3(l2)X@©1i||it 
i^^e>s [V] [Pv] ^ [Pi] [I] © 

{bu mm [v] \ [Pv] N mm [Pi] ^mi^ [i] itmxmi 
^^^lM^sos^^-r^^-i'A^^^^iBii^^, unfile, m 
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-DMrnrntm^ [Pv] Rumm [Pi] ^uizzn^om^m^T %<> 

I^CUs ^2M^JS*N i ^t-r 3 [Pv] Stf^« [ 

pi] <DUffi& : ?'(7*-( A&m^izmteztz&b, mm epv] Rvm.-m cp 

5 fc^3£gBJ§{;£, sS^Ig 1XI±2 tl^^,^BJT-$)oTs (el)liX 
«(e2)x^(z^(t^^ l^#SSt>*^2M^«CDfe^M^ 6 0 0°C 
-115 0°C-£0. 5B#f^~2 4^P^^S-r?»iiJ^^Tfe^o 

{i(f2)x^t3^(t§m^^-r A^iJ^^LM-P CD (I/ — 

af*«7^^§^B^(i N sf^l3Z:ii3{c^§^BJT-$)oTs ^21t>r 

mmiz&N iisVy-j FttJ&I&ZnZo Z\<DN i S> Uit-f h*«^li5t 

lf*3l8^^?,^B^(i N HI 1 3 iZm-TXo lz, (a3) *>)i^ K-^lfc^ 
V h*$$iJ51*UZX3J X It, ^ [V] „ ^ [Pv] N «gj$ [Pi] &t>* 

«*8 [I] %^tfS9^ffl^>r;i/*^»ii-sxs^ x (b3) liiiM*si- 
1 0 0 0 ppm©aftTS»UTVAS3l^JRSf&*-9->r;i/©^lifc:^ 
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tt^i^tsxsi:, (c3) &m&m£titzv>7j\/i£T)i,zi>, mm, 
mm, 7km, ^i±^ti^com.^xmm^,r, 6 o o°c~9 o owmiu 
&fc&ft£fttzm i &mfrfrizm^<&A^%z£ic£by->7'))sit3. 3°c 

ftfrt>m^<3\mi-ztiz&y)y'>7)vit 3 . 3°cx^±(Dmummr^ 

(d3) y->7)Hf7)i3>^ mm, mm, 7km, x&^n 
*>(Dm-&i3xmmm>T, d 15 o°c~4 5 o°c{g^4 5 o°c~5 

5 0 vom 2 umtzuftg titcmmmtpftizm^ < jsats z 

iu $&mm>)Pftfrt>m¥-<z\itiTzbki& y)V-yyjv*3 . 3°c/#j^± 
© Pi^jg x* a^*p b t ^ > r ;i/ 1*1 iz Mfc b ^#^is m & t, &m *s U 
tf-f K FMiiUiJ:, (e3) 1*->7;1/£t;hj > 

n tt^N 7km, x.te^nzom'&TJxmmMT, B2fijK«tt>4 5o 
°c~5 5 o°cse^9 0 o°c~ 1 1 0 o°ccD»3fijftt:«^nfc^«k3ii^rt 

fc*Jp- < 8Xt 3 £ £ £ £ D it > 7;i/£ 3 . 3 -C/^tt±cD#M*jftT ft* 
MbTO. 5l$K~4!3lia*MMU 

«t »? -9- > r ;i/ $ 3 . 3 °c/& u± <d mum& t* ^m^mvxv-> yji ttmz 
mmztitc&mt'V-y-'f F^i^tsMinit (f3) mmmmrn 

b s C©«ISISS«k DfflHW»S*K)*lgfc N (g3) »«Ptt«l31**Lfc-9-> 

^i/^frfc^w-s/^tt^^yrififtssjBije-rsxefc, (h3) 

Xtt*x*^^-tttxt*x8ks (i3) IXi^x^i^-^Alfclt 
>7 , ;i/±#fc*it*ii>«[^^U7'i6«c**Si3et-4xea:x (j3) ±§B(g3)x 
S©SlSje^fc±fa(i3)x|l©SlJ^Jg^A»^Al>j8[^.v V T&ifcgcDM#£:£ 
a&*xg*: N (k3) ±IB(f3)xS-c»6*ifcfflHH«[i:±flB(j3)xei?»6tL 

tz'pm** vr&wiMcDmfrfrih, v->^iz^if^mm cpv] xomsi* c 
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n^Mmm^m-m cpv] Rvmm cpu Mvizztit><DmR*M%.Tz> 

o 

lf;&:ri9 t^3#gBjm N mmm8 t^£3§BJ-£&oT\ I^ilM^F e 

EI@©Mifts&BJ§ 

El 1 fcfc#$BHJ§©& 1 iffl^tt £ * & SS^ffl 1^>7Ji/{:lit^7o-^t 

HBMEfcft^BIS/ U ^ >Sj*^HS«**H-©fcT«|6: ^t, V/G 

SI 3 tt*^M©^ 1 W**tS©xg(al)avxg(bl)&VSS 2 SfS^tt© 
xa(a2)2irJ c xg(b2)fc*^S'f ^» hfr£|g 1 Xtffc 2 y->7;]/*ftm 
T 3 £ ^ f EI T- & 3 o 

El 4 fct#3gBJ3©£§ 1 aS^3Er?*©xg(fl)t: jbStSM^RS©^ U >#*£ll 

mm cv] „ mm cpv] N mm [Pi] ci] &^*f3Bi;&tfSfS2 
in 5 &*m%(DM i mtt&iz&tfzi&mmmfevm 2 lm- 

P CDSCi D^Lfci:^©^v^>^BU^t:*5ttS-b->r;i/±#:©N i 
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6 &*mB%(Dm i sa^s©xg(gi)t:^^sfiK5!i?ijft©^ i Rum 

;HLM-P CDftfcJ: Dfflj£bfcfc£©1*>r;i/£#(DCu©|fJig<£^<f 
IH 9 »:*:#BHJ!©& 2 aiJ^^S©XS(f2)fcj3tt 5 &&&££©& 2 It > T 

El 1 0 t±*^9i©lg2a!l^&©xg(g2)fc:43»%i£K3»l*ft©m 
i2f>7MLM-P CD&£«fc DSjjtU f# £> ftfcSig^ -f 7 * A 

Ell lti2|5:»W©«l2«a^ac©xS(k2)t:i3^Tx {£&&»£©£ i v 
>r;i/OLM-P CDSC «fcsaiJ^©jSfr|S[i:T I DtStiSiBSfifcSr 

Ell 2{±^0J©m2«iJ^^©X^(12){3j3MTs ffiK3R»ft©SI21f 
>7;i/OLM-P CD&fcJ;3»£^©ayfc£:D L T S Sll^fiifcfc 
7"n y h Lfci:#©^fi^^/j^-rEl^fe§o 

El 1 3 li*^0^©^3©fiiJ^M^j3(t-5«iJ^ffl-9->r;i/K:||-r^7D — 

Ell 4i±*^8^©^3©«!l^^©X®(a3)t:*;tt^pM-f >=Jy hfr£> 

EI 1 5 &mMm 1-3 SVibftcfll 1 ~ 5 © F e fa ft 

?FElT*&6o 

Ell 6t±01 5©>7^— s\tp>bfi>e> 0mmM5 Ommt^tt^Felie 
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Ell 7t±50te«2fc*»tS«« [Pv] tmW, [Pi] (DF emmoD^^- 

mi 8&mMM3Ki%tir%ffi.m [Pv] [Pi] ©f e^mcov*- 

mi 9J±Jt«0!lt:*W-4fH« [Pv] [Pi] ©FeMEO^x- 

HI 2 0iAJ:bWJ2tCj3tt^^ [Pv] h<®M [Pi] © F e *ijg©<> 3L- 
;^'®l*l#?|JE!-£<iD£o 

1212 lttJt«mfc:fetta«« [Pv] [Pi] ©Fe^Jg©^^- 

02 2&Jfc$t#!|5 [Pv] [Pi] ©Fe}§jg©>>x- 

H2 3(*^Pf§©^U33>^^^f >rfy h^^RTH^^y h^->^ 

*i-aea9i±fcf«t«-eft«*nfc«« [v] s ^ [Pv] N [Pi] 

©Si*]#7F£^-rE|-efe&o 

(1) #f£0J©$]^:#&©:ftiih&£^ >n> h 

&t>w& [v] s mm [Pv] N sets [Pi] Rumm m ^^tf^a^v 

l;fc£©-f >n"y Mi^©^fititJg#8 . 0 x 1 0 17 atoms/cm 3 ~ 1 . Ox 
1 0 18 atoms/cm 3 (10 A S T MU feTFI^C) ©*&Hfc:&5i&\ >=f 

s mt^x 100 o°c-e 1 6mm^mmvtz^izmm^^ 7*^ 
feistzt%izz<Dy->7)iiz&tf2>, mm [Pv] tmm [Pi] ©igj^tai 
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'j3>ii*f,M cv] % [Pv] N ^ [pi] Rumw, ci] 

tf £ o £ V X G it £ ffl W b X § I ± *l 3 o 

^©^'j3>i»^t;D>3 7 (Voronkov) ©3Siftfc:£tJ^"T5l±fcf £*l 

Hfc&frS^PS^bTs jfe^RI (point defect) fcj&fc «!©«&#: (agglom 
erates : H&tg&RB) A«Mt5o ^WB^JLM^RBfcftr^ffl^ U 3 > 

M^*^> U =i >3gg^T*IEm^^g©— ofr£»bfcS©T*&3„ £ 
©«fc"5*SJL*«»*bS?LM^PiS*^fao -^s te^>U3>#MiHb 

n>) ©^©^«4®T*#A^tlSo bfrU h*mm$)£.Z\±tfZ 

s SJLXtt«-?IHI->U3>H:ltflj[^^«sjfe*-ra. 15110 0°C£7r^ 
aibfcRF^-e©jfi*J«:^R5AsS!?LS^I%©»*f*: (vacancy agglomerates 
) ^±^m^> V u >mxm(0mmi^ (interstitial agglomerates) ZMtiZ 

-rso m^&^ftau ^fij^^Pis>?) s M*#:^^bT^-rsH^7G^5t 

^?L^RB©«^ttMiEbfcCOP©flfet: x LSTD (Laser Scatteri 
ng Tomograph Defects) XfiFPD (Flow Pattern Defects) tmttlZfr 

£^&o FPDhil -f >=fy N^^^-rxbT^M^tlfci>';3>>>ai — 
A§3 0^-fe3i>^>^ (Secco etchings HF : K 2 C r , O 7 (0.15mol 
/1)=2 : l©rg^t:d:sai^^>^) b£ t % 7 n — 

— >SM-rSjSBfl5©aS"efeDx LSTDhit ^U3>#|g^|*it^^$: 
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o 

>rfy h©@?&|fi®^(DiSjg£Jia£G ("C/mm) tt^tl^ V/ 
G (mm 2 /# • °C) Wt^iht'ifeSc £©3ltr?:& N i2fc^t<to 

t m^m mm<Dm^ v/Gizx^x^^ti^^h^mm 
] fite? is i/'j3> ^m^T" & otra s> u 3 > ttmrn b fc ^ph r s 

«C*S «V/G),^T) [V] (iS?LtfI^feot$WIlfc 

&RSfcWrS!K*$ ((V/G) 2 W±) [P] «±S?LS^Pi6©»KI#S 

^t&^^^>Un>M^RSO^#:AS#^EbftV>^-7^^ ((V/G) 

,~(v/g) 2 ) s^t. [p] [v] tcommzte 

0 I SFiMtSPA> \*mi& ((V/G)2-(V/G) 3 ) mt^o 

isf (!»s^hb) #^£*is 0 [p] fcrnrntzMozmm [i 

1 ©##K:BtB>t> Y&m ((V/G)4~(V/G)i) ##£-rSo BM>K 

ccd^-7x^ hflUft [P] fc*Mfc«Ct* [Pi] [Pv] tc^m^n 

So [Pi] »V / /GJt* s ±IB(V y /G)i^f,l^#^^T-©^-efet)s 
S^'J3>isffi^"CfeoTSIIIbfe^RI*^bft^«*i"e*So [Pv] l±V 
/GJt*«Bg#^^e>±IB(V/G)2ST-©fS*STS. tK M^ffeoti 
*bfc*K£*bfc^««T?fcSo fiPt^ [Pi] ttflttt [I] t|»g?U * 
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•«**t5*«T*t)x [Pv] t±m [V] fc»g?U iPoOISFM 

*^0j©^^cD^h^s-f >=f y hi*. ^ [v] s mm 

[Pv] x [Pi] RVmm [I] £^tf V/G]fc#±fB(V/ 

(2) *««3©SBlS0^*ft 

(xs(al)) o IP-^ CZ^xtiflS»9ijpcz«sK:3£^<SI±tjrSfi©S^ 

^o^tifg^tife->>;n>ibrt^e>-r >=fy h^§i±(f§ 0 z<Dt%±m 
vtzmm cv] s ^ [pv] s mm [Pi] [i] aw >=f* y<d 

>bWi%StiJ:o fctSDBrU iP0^7-x»y^>^t5ii:fcJ;^ 5 0 0- 

200 o uiii<Dmg*m-f&, &m&rnm{b\sttM&m-V'>7')]'ififte>tiz 

(123 (a) &£>*I2I3 (b) ) o Z(DM]^mV->y)Vlzi±mW, [V] s 

[Pv] N mm [Pi] [i] &*ti*n^$iti&o m3 (a) ic^ 

£*i3-f >=T >y Hi, §l±^JftV (mm/^) (hy7fi!) fr£>l£ 

«iJ^ffl^>r;i/t@^-r^^^jS^F T- I R (Fourier transform inf 
rared absorption spectroscopy)^ J: f?$J^U ^fH*iJ^# 1 . 0x10 
18 atoms/cm 3 W±T*& 3 ®^ t fc±s M^#HmTT" 8 0 0 o Cf4IHrMlb 

s Mt^r ioo o°ct i 6^i®ita 0 d©^abfesy^ffl-tJ-> 

7;i/OS^7'f7^'fASLM-PCDS-et>7 , ;i/±ft:l:t)fet>tai^ 



t 
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Xs v>m±<*ifimm [v] N mm cpv] n mm cpu &vmm [i] 
wMmtemmznzo mm [v] ^fciioisFt$Mt§PA->FM 

— 89£fflit>T;i/<Z)K5!S*ft# 1 . 0 x 1 0 18 atoms/cm 3 *?iT*&£*l 

t: ±13 ^ i^m (3 m%.m it > £ mium b t «y^ffl it > r;vos^ 

7>f 7*>f A(D«lJ^UT^s i5fcfvtJ;9t: N £©#M-a-^-f A© 
«9S«g**e>t?l±s ^-^m* hfS4t CP] #«g*$ [Pv] T*&Sft\ XtelS 

[Pi] T?&*<p*msij-rs^i:3&s-c$3&^o 

Z(Dtc&s 2M8BJ3T-&S «ij^ffiit>7°;i/^|213 (b) ©fcBJfc^-Mftil-e 
J >3y h*>bmtettisTM$fitteZ&*>Ki2frmT& (xS(bl)) o ±13 
xe(bl)fc:«fc t3^i0bfc«0^ffiit>7 B ;u^ > 0 3 (c) td^-Tckafeis SB 1 
it > 2 it > h f -2, 0 

iia^i^i-i o o oppmoiet^tti^ 

H 12&&JB&&&£ 1 it>r;i/©M{zM^bTC©S 1 it>7Vi/£&JR 
f§jftf* (xt(cl)) o Ili^IJ:bTliCu, FeWSUK 1 
a^kJR&Sfcfcfctg 1 ~ 1 OOOppm, b<& 1~ 1 0 0 

P pm©»&-C&«¥bTl , >a$gift-C&3o ttCuXttF e# 1 0~ 1 0 0 

p p m^^mxmm^x^^m^m^mmm^m^x^t^mx^mmm 
jftfcftatafc&aFaib^o M^&hbTfct. xtr>n— h&u ^ yt?> 

lllM^:&^Ji&3l£2M^#Ji#l~l 0 0 0 ppm©»JKT-|§»b 
TM3|g 2if^I^^^ 2it>r;i/©^®tzM^bTCi©^ 2 it>7*;i/ 
(XS(dl)) o »2*»&JKi:bTttNix Co^ll^ 
o fg 2 &&&JB&&&^ 2 ®&£JR# l~l000ppm, b < fcfc 1 ~ 
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1 0 0 ppm©»j&-C*#UTV^*§*rc&«o *Hf£N iXJiC o# 1 0- 

i o o pvm(Dm&T'mMLT^%mi L ®i%mmm&mti*A^ft^m-zii>'3 
<D$Lft&+ftK.mm-c & t\ istfr^ -f ^ * >r a & is«f g tiw^-r s-^^ 

^ l^t>*i!2-tJ->7-;i/^T;i/zf>s ttft^ TkHtx&^ti?)© 

B^-^^UHmTs 6 o o°c~i i 5 o°ct-o. 5 mm- 3 0 mmmmm u 
niRvm2-y-> ^^mm t ^ ti^nm^ b fcgi 1 &t>*fg 2 m&&m * 

V>-7)\,±fetz&Wt£it% (Ig(el))oMI©^J:l^ 0. 5-1 
O-C/^^^T-^^bt 6 0 0-115 0°C©?ajgT- 0 . 5~3 OBf 
JftKliO. 5^~2 4iFmiltl.o 5~ 1 0°C/^©^JKT-#M 

bx 900-100 o°c-e i~2ieBafftftL3i-rsii:*s«kD»*bv^o *ft*Q> 

^fe±PSfit^^^^hit>7 ,, ;i/©^®Si[>*Mi3M^S/^ifeiKbT^ 

o 

I2t>7jVM$tfci2IfiI*SNi ©ig^Ts MlbfJ 2 

mm i ]©n«g^^-f 7^>r A^+^titjp-fr-r^ c©^f^©j^#^mij 

1" 3 d h #T* £ & V»o Nififl M&1&m<D Cu^»Fe t Jt^Tfcifc&$C# 
•eNH 3 i:HF^CH3C0 0H^tfx«;^>^tf^>7 , ;m$i5/^ 
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^>^t«s mm [Pi] tmm [i] -ccDnng&^jyfrj&omu&m 
w-z&t), mm [v] a:, {h&^y?>trm&-e<Dnm&7'( -?*?<< 

AcD$J^£fr? (X^(fl)) o $]/£tcfci:LM-P CD (I/— tf/^-f 
Zn&ytmmmmmm /W^bW LM-PCD£J;D-t>->:r;i/£#:l3fc 

A>&m<bm^mm&, mm [Pi] r-fctK [ 

Pv] -e^ofco ^2it>r;vT-^s^^^7^^ A^s*)fg^M^(is ^ 

m [Pv] T-fctK [Pi] T'feofeo 

ifi^ [pj ©S'J^fg £ m 2 it > cdSS it # IrJ ©«iJ^a t: Sfc-g-to -fr § ( x*i (g 
D) o illititCu^ S2»^jSt3N i ^2-b->r;i/H 

U g§ 1 ^>:7Vi/©§Si£#ft©$.|^{ji£tfg 2 -y->r;i/CDlSit^iqjcD«iJ^il{3 

Cu^Sttfefit> /;KDi^(ii^ [Pv] ©H*giir^ 7*-r a# 
^©^©^PlS^i:J:b^bT^V^o —3^ N i^tet!cbfc^2-b->^;KD 

m^^-i & &m.t>^mmtemm [Pi] t-^s^^js 
o tot, «^#ja©M^h^^Pii^©m^^-r A^#tt^e>^ 
*s [Pv] Rztmm [Pi] £»j-rs;r ^#-e^3o 

SB&fr f£i££ tifc-tf- > N i R V C u § ^ n^-tio-y- > 
^i/fcgi®^ btefc^LS^©!!^^ -i 7 $ <i a#7f£$J^1- £ ci hlz£. 

mtez>&n*mmvTmm [pv] [Pi] (Dmmzmmmzo 
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^mmxmmr %> z£&x%% 0 

(3) #*BBB©flS2*|j£#iS 

0 ppmcDajg-r-^UTV^^ 1 3&&JR&tt$£ 1 ^>^;v©^®^M 
^bT^©»l^>r;i/S^JR?5*!-r-5 (Xg(c2)) o C£T!©£1»£:& 
JRt:ttCu*«a^^tiSo &fcs i 1 If^I Jii^Si 2 I^IAs 1 ~ 

1 o o o vpm<Dm&^®M{sX^%m2m&&mmfo*m2y->7)i<Dmi 
m^m^\^x^.(Dm2v>yji^mmm-t^ (x«(d2)) 0 ££T*©fg2 

(eDtmmogkftxm 1 Rnm 2 tvr^tMi^i^ito 

7*4 AOMfeZfio (X*I(f2)) o SBjgfcfctLM-PCDtfSftibV^ L 

m - p c d id j; d v > 7°)];±mz t) fe o tiig^7 7 ^ 4 a ^^a<b -r & 

i± [Pi] TffetK «fc®^©fc*«*$ [V] Tfcofco SfelH9 t^TcfcolC 
» #2i*>7;i/T!fcj:|f#|r&^>f 7*4 AifiM%iSi^mW±. [Pi] Tfe 

t)s gfc«^©fcJ:«*£ [Pv] T-£o£o 

d©^i-9->r;KDif^7-r 7*4 &mfe<D§£WJ5\tn®mfem%&2y- 
>7-)]s<D$8my5fii(Dmfemizmi3L&fc>-®z (xg(g2» « nirv^i/ots 

lS^ia©»J^*^2^>r;i/©ffii£^ia©»J^tSfa^to^fc*g^*® 

pv] (Dwm-^^4 7*4 ^ifi^(DHk(D^mnnhitm^xM^ 0 — ^ f 

«*S [Pv] T-fcS^fca^PJSo t^T^ ai^JR©«^h^RB««©lf«g 
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^4 7*4 [Pv] [Pi] £«J-f 

In] ©ilS (Xg(i2)) o T I DSSldck W>7)l<falzig 1 

^&zcuiz&^xBf&2tizn&&$fo<Dm&&%.mtti-rzo tid (Tr 

ansient Ion Drift) g tiii' 'J □ >^ B B B 4»tEl^t§ CuIg^Mi 

T3o k (Pisi) «ciE«jE£i?;&n-raa:£iB5£ 

{g©Cu i j *>&&mWffimcDMte K 'J 7 h U BME&Cu i-Y:*># 
D^©— W^S^jf ©^{iJ^£ic-r3o 1^ ^o;W7^®t 

< hmz.t>n%o t i Daii^n^ 7xttm&?><D&mmffimffl&£.mm 
^tifecui *>«ft©*ft*^*«^s«©a*jfe»»*«rtt*aj3eb 

i^T. §MM£*L£|g 21t>7MDL T S (9 £g 2 

is # ft © it (xa(j2» o dlt smz& y)v->?')vftiz.m2m 

TS (Deep Level Transient Spectroscopy ; MW.35-M.fr tfcfe) tetter 

<i 7*4 &(Dmmmn%ftj&-? & (xg(k2» 0 mi ncx^d^mi^b 
fcmg^-r AofflBiii^s^-r^ (xe(i2» 0 0i2tii(i 
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^^e>> mm [v] cpv] i» [Pi] [i] © 

EST^d fct: «k Cu&lFF eMmiE^©H^7-r A&LM-P 

cwmfe-tzz-tizx & N scjg [Pv] [Pi] &fM<rs£fc# 

r;i/CM?§fftuii£«^3i^©^3Sg^-f 7^>r A^*«ij^bx t id 

SMD L T SSCi !5 CuMF elS^I^U Mfc*BHifi*£ 

A3b*W*fc»ft«ttJl**JfflbT«* [Pv] J&TfmW, [Pi] 

(4) *mw<Dm3<7>mfejjm 

AMR*"* (Xg(a3)) o fip-fex CZffiX«*MCZ^t:a£^<§l±^fiCD5 

h*§i±{f^>o c<z)i:$±jfibfc«« [v] N mm [Pv] s mm [Pi] # 

V (mm/#) (hyrfflij) fr^fft^ (*bA<g!j) h A 

fill) (hy7*$J) £jg]^£^;LT3l±{:f£o J^V^T-s il4fc^t 
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m4t\sitm%.my->7')\'&tte>tiz>o mi4 (a) 3i±tf^gv (m 
&^t*®i 3tsoi, m^mv->yjvizm^mMi^ i~ 1 o o o PP 

3 (XS(b3)) o »IMtbtiiFe^tbW 
^JiM#l~l OOOppm, ffSK(il~10 0 p p m CD iftg L 
TV>£$8*rT?fc£o ftfcF e# 1 0~ 1 0 0 ppmCitfiT-^bTl^m 
^n^ffl^^^A^^WtfeT-^o^iJgMjg^Mn^fe^^ bl^ 

^fi^Ts 6 0 0°C~9 0 0°C©^lSftt:«Sr$ttfc^a^rtfc:3ftJ?. 
< KfAf a c £ «fc D it > TVi/ £ 3 . 3 X!/#JW±©#M^-e JMJnfft b 

to. 5mm~4mmmmmhs Mmmfpft&e>&^<mm-rz.£.K.& D-y- 

^i^^i^^te!^-^ (xg(c3)) „ *BJi^T-a^n^i:tti7->r 
M3. 3 °C/^J^±©^S3aft N $fl;b<y:5 0 C/;5H:^ M£#?£b< 

t± l o-c/^wji-eip^-rsci ^>r;v#SofeD, Slftfc D b 

;i/£3. 3 0 C/#k!.±©|S|M5£J^ #£b<&5 0 C/#JM±s M£#?2;b< 

#fi^j^T*^5S2jp#fts 3. 3°c/^w±©i^sMj^-ea^sp-r^^®^s 

■y->r;i/©^S'Fl^-N©^A^tK?imb^ 1 0 cm/#~l 5 0 cm/^ 
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IfcbfcF ettft^jSttilfc^ftbT^**^* (B) 
7-7?ifc5Fe-B^Mt5. £ ©ISi^&IE-f ;* >© F e -f ^> 

7°^fcO. 1 e V®m^*;^-im&7fcJ&LT^£o MScfMLS&S&b 
fcU->r;i/CDF e-Bm^©»flEJ±«|«p|3fc:ia*bTV^att*«ftK:flc#-r 

o TBmmm&mmcDm^ &w&n ti, mm cpv] 

s CPi] fc:fcttSFe-B«jgfc:fl^fe#&<&:&o tot, 
MS^^bfe^(t©it>7°;i/T"{is *«l|jl««*F e-B«JEfeT?a^-r* 
£fc V>„ i0tet«ifii8 0 0~9 0 0°C©$Bl$a&-C0. 5 

^#H^Ts m D 1 5 0°C~4 5 0°C<g^4 5 0°C~5 5 0°C©f*g 

m&ftfr & < §1 m-r c 1 t £ t> it > tvi/ * 3 . 3 °c/#w±©is$Sjijg 

T-^a^aibT"y->r;i/^frlc:l£tJcbfcF efr&^JBS/U^'f KS^fifc** 
a (xS(d3)) o C©(d3)X@t©it>r;i/©^Si)Fl^-\CD^ASt>*5im 
bfct±i3(c3)Xgi;|slt8fc: 1 0 cm/^-l 5 0 c m/#©3ijg-?:fTfc>ft S 
o £©(d3)x@£irr£i:fc«fc £ N it>7";i/4 1 tfef(bT i &^tF e -B 
JSS-^&^bT^S^SF e©-SPtt^-F e S ij^fifitS, ^©fc#> 

% ft^wcHjS-raft-^iaiFejijftttM/p-rso ffib s ^ cpv] [ 

Pi] T-©£-FeS i 2© Wli#I«©Stt^^P(ScDlIfc J; 5 i: 

mz-^nzo mz.it, mm [Pi] -m/?-F e s ±2<o^m^ifimm cpv] 

£©(d3)X*§fci: s *««fc*(±*jM^HI©aafciS-FeS i 1 

* fij ffl b x is s * k © $s b t v a a f e m * ® - j£ id r a fc #> £ is £ n 

§0 £©^ U h-Miiltli 5 0 0-5 5 0 °C©il 2 ?SST* 0 . 5 ~ 
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Its it>7°;i/^r;i/=f>s mm, mm, 7jcmx& J £*i£>©M'£#:*#B 
MTs ^2$&j£«fc !> 4 5 0°C~5 5 0°C^9 0 0°C~ 1 10 0°C©|g3?& 
JSfc«^^tbfe^S*Pi*i lem* < WtXTZZ h <fc t) 3 . 3 °C 

/^±©#«3aflETfj&jfiipiftbT o. 5«pH-4i^Bg^au hmdp 
m&mvxv>7')ift&izj&m$titz&mi'vy-j (ig(e 

3)) o Cl©(e3)xaT©^>r;i/©Mailp|^^©^A^t>*§imb«±f3(c 
3)X^St>*(d3)x@h|5l«t3 1 0 cm/^1 5 0 c m/^CDMS^frfcti 
So (e3)X*§£SfS-rci££J; D N ±fB(d3)X*i-£^b)fc£-F e S i 2 £ a 
-F e S i.ti^^tttHfiUt^fittktSo It, ±IB(d3)xgT/5 
-F e S i 2 §MtftFe-B^§iUtUfefe?FIFe^fttB^t 

So ^©iMsa.it*tt 9oo~iooo°ct*o. 5~i mmmmw.-r2>z 

h&m-Z bv> 0 IB 3«ftXtfiR»fifBil*«TISB«[*»-T5tt+^fc:lfeJ||S/ U +M 

±fBX^(c3)~X^(e3)cD#a^M.S§5Sbfcit>r;i/^f*t^(tS F e 
©T&Jfcf SSK£&+jfo©**SDL T S fc: «fc !> 8flj£ U d©««^*3Elc:ffl 
mMm.*&&b2> (X«(f3)) o 

^>7;i/©'J>&**UTl£#fc:g£SPV& (^M^«^7^) fc«fc!>fcjj£-r 

£> (XS(g3)) o £©(g3)X@&tm$i-3(i3)X@£;fe^Ts ftffittCjS 
ttSF e©||jKm*©jfe^RB»fic#tt^JfflbTs flSSffcHiSbT^** 

it>r;i/tiftx^^^^;i/dr-^?±x-rs (xe(h3)) o ^>r;i/tio 
ow®ft©fi6^as*fisij-rs©A s «FSbv^o •^>7 , ;i/ta^^^Hs*r-r 
*k ■9->7 , ;i/4'ic#ffibT^sF e -B^^m^mmh, o 
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p x Diu^-rs (xe(i3» o 

(g3 )Ig h ±IB( i3 )I§ £> » & tltz mfr&V > y)V rp £ b T V> 3 F e 

±H3(f3)X^-ef§^tife^MHmh±I3(j3)x©T't#e>tifedi>iSj^-^ U7. 
i£Hcft©M^^e>, ■y-V^l/fc^ttS^ [Pi] CPv] StLUtzZLti 

bom&zMfeirz (xs(k3)> o f e0n&mm&&&tomm<Dmmizm 
tx-, y->7)nz&tt%mm [Pi] tmm [pv] 

<fc!K ®i*j©F e iiS ©^*<b^H^ -T^o 

£ft»J&#ffiajg-C«fe£^:« [Pi] T'fciu U >^>>*T*&S*£ 

ifch7y^tiTFe-B^I^tt^feI^I (Fe) #&#p& 
^LSKlct D»^IHIfc|f»ffi£;h,ao £JL*jg#BSV^S8 [Pv] TfcJU Fe- 

{£ii£*iSo tot, SIM [Pi] <z>3&&JR<z>ft&ttff(tt [Pv] (Dm&& 
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& ^mMommm * tmm tt%\zmv< mm * % „ 

<H»J 1 ~ 3 RUktmm 1 ~ 5 > 

*i>»*i«-7 , ifej/i;3>i»fr6«* cv] „ mm cpv] \ « 
m [Pi] sowas [i] % j eti j eti^tf«fcaK:§i±»fj£jftssi-r'f 

h*SI±tf\ EI 2 3 <D A -A^t-teSTa W& [Pv] SVil* [Pi] 
N S^OitV^I/cDMfc^ tr>n— hgti D 100 p pm(DF e$g$ft* 







i 


N 2 fll900°CxlB#P^ 


N 2 H1550°CxlB#P^ 


N 2 |ffll 900°Cxmp^ 


// 2 
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